Abstract
based on the criteria that clutches were laid on a similar date (Pearson correlation: r = 0.88, P 17 < 0.0001) and counted a similar number of eggs (r = 0.36, P = 0.008). In this way, nestlings 18 were all raised by foster parents and each nest contained nestlings of a single origin. Within 19 pairs of nests used to cross-foster eggs, foster and biological parents did not resemble each 20 other with respect to plumage coloration (female: r = -0.04, n = 51, P = 0.81, male: r = 0.18, n 21 = 33, P = 0.31, we captured 81 males over 102 experimental nests and for 18 pairs of nests at 22 least one of the two males was not captured), and thus we successfully randomized genotypes 23 among environments. Given that plumage coloration is explained by origin-related factors and 24 not by the rearing environment (Gasparini et al., 2009 ), in our experiment any covariationbetween nestling coloration and immunity should result from pre-hatching maternal effects or 1 genetic factors rather than from post-hatching parental effects. In our population in 2005, 2 pairing was not significantly assortative with respect to coloration (r = 0.16, n = 81 pairs, P = 3 0.13). Using the 84 nests (over 102) for which at least one offspring hatched, we visited nest-4 boxes when nestlings were 11.5 days ± 2.9 days of age (mean ± SD, range: 2-19) to blood 5 sample them with a heparinised capillary (Microvette CB 300 LH, Sarstedt, Switzerland). 6
Immediately after, half of the brood was injected subcutaneously in the neck with 0.1 mL 7 vaccine solution (n = 138 TETRAVAC-nestlings) (TETRAVAC© vaccine, Aventis Pasteur 8 MSD, Switzerland) while the other half was injected with 0.1 mL of phosphate buffer saline 9
(PBS, n = 144 control-nestlings). Our experimental design ensured that we created two groups 10 of nestlings differing in the intensity of humoral immune stimulation (challenged vs. non- 
Statistical analyses
We investigated whether the humoral immune challenge (TETRAVAC vs. PBS) affected 1 differentially cutaneous responses to LPS and PHA with mixed model ANCOVAs. The 2 intensity of the response to LPS and PHA was included as a dependent variable in separate 3 models, the treatment (injection of TETRAVAC vs. PBS) as a factor, and nestling coloration, 4 nestling body mass at the second injection (PHA/LPS), brood size and nestling age at the time 5 when TETRAVAC or PBS was injected as three covariates. We controlled for the non-6 independence of siblings sharing the same nest by incorporating nest identity as a random 7 factor. Statistical analyses were performed using the SAS system (version 9.1; SAS Institute 8 Inc, Cary, NC, USA). Means are quoted ± s.e., statistical tests are two-tailed and P-values less 9 than 0.05 are considered significant. 10
11

Results
12
The present study relies on the assumption that our immune treatments did not alter melanin- Cutaneous immune response to LPS was more pronounced in TETRAVAC-than in 1 control-nestlings (Table 1, Figure 1) . Mounting a cutaneous response against LPS did not 2 covary with nestling coloration (no effect of coloration alone or in interaction with 3 TETRAVAC treatment, Table 1 ). Conversely, mounting a cutaneous response to PHA was 4 significantly explained by the interaction between nestling coloration and TETRAVAC 5 treatment (Table 1) . When injected with TETRAVAC dark reddish melanic nestlings 6 mounted a stronger cutaneous response to PHA than pale reddish ones (similar mixed model 7 ANCOVA as in Table 1 , F 1,21 = 5.78, P = 0.03, β ± se = -0.066 ± 0.027; Figure 2 system, dark and pale reddish melanic individuals increasing and decreasing, respectively, the 10 intensity of T-cell immune response after a humoral immune challenge. Because we cross-11 fostered eggs to allocate genotypes randomly among environments (as shown by the absence 12 of correlation between coloration of foster and biological parents), we suggest that the link 13 between melanin-based coloration and the allocation of resources in cutaneous response to 14 PHA following a humoral immune challenge is due to pre-hatching maternal or genetic 15 factors. We temptingly exclude that this link is due to a maternal transfer of egg components 16 (pre-hatching maternal factor) associated with melanin-based coloration because we did not 17 find any significant interaction between parental coloration and pre-immune challenge on relationship. First, reddish owls have a weaker immune system and thereby they become moreintensely infected by parasites. Alternatively, reddish owls exploit environments where 1 parasites are more abundant, and as a consequence these owls have evolved a potent immune 2 system. In agreement with this alternative scenario, a recent study showed that after an 3 immune challenge dark reddish breeding females mount a stronger and prolonged humoral 4 immune response vaccination at the cost of body mass maintenance when compared to pale 5 reddish conspecifics (Gasparini et al., 2009 ). This suggests that the degree of reddishness is 6 associated with adaptation to resist parasite attacks. Assuming that dark reddish individuals 7 exploit environments where parasites are particularly abundant or virulent, they may invest 8 more resources in their immune system, and thus a first infection may trigger defence 9 mechanisms in prevision of subsequent parasite attacks. In contrast, when individuals are only 10 occasionally exposed to parasites, as it might be the case for pale reddish individuals, down-11 regulation of the immune system may be adaptive to save energy for other demanding 12 activities such as growth particularly when food resources are limited (Piault et al., in press). In conclusion, our study suggests that mounting a humoral immune response can 21 stimulate another component of the immune system in all individuals or only in a subset of 22 genotypes as revealed by melanin-based coloration, a trait for which the expression is under 23 strong genetic control in the tawny owl (Gasparini et al. 2009 ). Synergistic and antagonistic 24 interactions between branches of the immune system can take place in a natural populationdepending on immune branches (synergistic interaction for humoral and innate immunity) and 1 individual genotypes (synergistic interaction in dark reddish melanic nestlings for humoral 2 and T-cell immunity; antagonistic interaction in pale reddish melanic nestlings for humoral 3 and T-cell immunity). In addition, these results re-enforce the recent hypothesis proposing 4 that melanin-based coloration is associated with a continuum of resource allocation strategy in 5 key fitness components including immunity. was a factor, and nestling coloration, age and mass at the time when TETRAVAC or PBS 4 was injected three covariates. The nest identity was included as a random factor to avoid 5 pseudoreplication. Among nestlings injected with LPS, nestling coloration and the 6 interaction between treatment and coloration were not significant (P = 0.68 and P = 0.67, 7 respectively) and therefore removed from the final model. Similarly, brood size and 8 nestling age at TETRAVAC or PBS injection were not significant and were removed from 9 final models (P > 0. 15 
